Assessment and Optimization of Water Division Pattern in Sampean Baru Irrigation Area by September, Joice Prasasty et al.
Ukarst : Universitas Kadiri Riset Teknik Sipil ISSN (Online) 2581-0855 
Volume 5 Number 1, (2021).  ISSN (Print)    2579-4620 
Assessment and Optimization of Water Division Pattern in Sampean Baru Irrigation Area 
http://dx.doi.org/10.30737/ukarst.v3i2  
© 2020 Ukarst : Universitas Kadiri Riset Teknik Sipil. All rights reserved. 
    
 




Assessment and Optimization of Water Division Pattern in Sampean Baru 
Irrigation Area 
 
J. P. September 1, E. Hidayah 2*, G. Halik3 
1,2*,3 Master Program in Civil Engineering, Departement of Civil Engineering, Faculty of Engineering, 
University of Jember 
Email : 2* entin.teknik@unej.ac.id.  
 
A  R  T  I  C  L  E   I  N  F  O   A B S T R A C T 
Article History   :  
Article entry : 03-12-2020 
Article revised : 19-12-2020 
Article received : 12-01-2021 
Recently, agricultural production in the Sampean Baru Irrigation 
area has not shown optimal cropping production. The average 
percentage of planted areas in the first (November-February), 
second (March-June), and third (July-October) planting seasons 
for the upstream area was 93.67%; 98.02%, and 76.76%, and for 
the downstream area was 83.54%; 80.81%; and 89.36%. This 
research aims to optimize the water distribution system based on 
the calculation of water requirements for plants and the 
availability of channels to obtain the maximum planting area 
and amount of agricultural production. This optimization 
method uses a Dynamic Program with three scenarios. The first 
scenario is the dry season. The second scenario is a normal 
season. The third season is the wet season. This calculation is 
based on effective rainfall, crop water requirements, and water 
discharge availability. The percentage of the planted area 
obtained from the dry year calculation for the first, second, and 
third planting seasons, respectively, were 100%, 100%, and 
90.36%. Based on the existing condition, the potential profit 
obtained for a year is IDR 170.08 billion. After optimization 
using Dynamic Program, potential profits in the dry year, 
normal year, and wet year are IDR 213.52 billion, IDR 215.92 
billion, and IDR 228.50 billion, respectively. 
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The importance of optimization in irrigation is to obtain efficient use of water 
resources for agriculture and sustainable agricultural development. The limitation of discharge 
encourages efforts to assist air distribution so that the coverage of planted services is optimal. 
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The Sampean Baru Irrigation Area is located in Bondowoso Regency and  Situbondo 
Regency,  East  Java  Province.  The  Sampean  Baru  Irrigation  Area  is  8,146 Ha. There are 
several factors that affect unoptimal agricultural production, namely low rainfall, and water 
distribution. Those factors cause agricultural lands to experience drought and fallow (not 
planted), especially during the dry season.  
Several studies have been carried out in the Sampean Baru Irrigation Area are using 
the Linear Programming method, which consists of an objective function and a constraint 
function. The objective function is the distribution of water, while the constraint function is 
the limited volume of water [1]. Other researchers have calculated that the use of surface 
water in the Sampean Basin is dominated by water demand for irrigation water [2]. Other 
researchers developed a tool (plug-in) that works on top of apWindowGIS named SIDI as a 
tool to assist the operation and management of irrigation networks and infrastructure in the 
Sampean Baru Irrigation Area [3].  
The purpose of this study is to evaluate the water distribution system in the Sampean 
Baru Irrigation Area whether it has met the water needs of rice fields with existing cropping 
patterns or not. This research is carried out because, in downstream areas, many rice fields 
have not received optimal irrigation water, which causes the land to become bero (unplanted). 
This study also calculates the optimization of the water distribution pattern based on the 
cropping pattern and calculates how much area can be irrigated and how much profit is in 
accordance with the optimization results. By implementing the Deterministic Dynamic 
Program [4], [5], it is hoped that after optimization, the increase in intensity and profitability 
of irrigation in the Sampean Baru Irrigation Area can be calculated. 
 
2. Area of Study and Method 
2.1  Area of Study 
The study area is located in Bondowoso Regency and Situbondo Regency, to be 
precise in the Sampean Baru irrigation area, East Java Province. The Sampean Baru Irrigation 
Area has an intake at the Sampean Baru Dam. The use and utilization of water in the Sampean 






               80 - 94 
                                                                                                     ISSN (Online) 2581-0855                                           
Joice Prasasty September/ Ukarst Vol. 5, No. 1, (2021). ISSN (Print)    2579-4620 
Ukarst : Universitas Kadiri Riset Teknik Sipil.    ISSN (Online) 2581-0855                                         
Volume 5 Number 1, (2021).    ISSN (Print)    2579-4620 
Assessment and Optimization of Water Division Pattern in Sampean Baru Irrigation Area 
http://dx.doi.org/10.30737/ukarst.v3i2  
© 2020 Ukarst : Universitas Kadiri Riset Teknik Sipil. All rights reserved. 
 
 
Source  :   [6]  
Figure 1.    Map of the Area of Study 
Distribution of water in Sampean Baru area in the rainy season and dry season still 
requires optimization in the distribution of water between the existing rice fields in 
Bondowoso Regency and in Situbondo Regency. Thus, available water can be allocated 
effectively and efficiently for planting to reduce or eliminate the potential for conflict [1]. 
 
2.2 Methodology 
The method used in this research has several stages (Fig. 2). First, collection of agro-
climatological data to calculate the potential evapotranspiration (ETo). Second, collection of 
crop data and rainfall data in order to determine the value of effective rainfall (Reff). Third, 
collection of soil data. Fourth, discharge data at the intake are used to determine reliable 
discharge values in the dry year, normal year, and wet year. Fifth, collection of land area data 
and determination of cropping patterns in order to determine the area that can be planted. This 
stage is carried out to obtain the value of the crop. Sixth, a dynamic program is executed with 
the following constraint factors: land area, reliable discharge, rainfall, and potential 
evapotranspiration. Seventh, by changing the cropping pattern, the maximum possible values 
of benefit are determined. Details can be seen in Fig. 2. 
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Figure 2.    Optimization process flowchart 
In Figure 2, the optimization step is shown in the third stage, starting with changes in 
cropping patterns, with changes in cropping patterns, it is determined how much discharge is 
needed for land needs, the number of discharge needs must not exceed the amount of 
available discharge for each year. It is divided into two parts, namely upstream and 
downstream, starting with the availability of upstream discharge, then optimizing the 
upstream planting pattern. The amount of discharge for the upstream part is determined and 
the remaining discharge is forwarded to the downstream part. The remaining discharge from 
the upstream part is the amount of availability downstream discharge. Optimization of the 
downstream cropping pattern is carried out where the amount of discharge required for the 
downstream part cannot exceed the availability discharge. This was repeated so as to find the 
optimal production value. 
 
2.2.1 Evapotranspiration 
Evaporation is a process that water turns into gas and moves from the ground surface 
and  the  water  surface  to  the  air.  Evapotranspiration  of  crops is an important parameter in  
 
hydrological, environmental and agricultural studies [7], [8], [9], [10], [11], [12], [13]. In 
calculating the value of evapotranspiration, the Modified Pennman formula is utilized as 
follow: 
Eto    = c.(W . Rn)+(1-W).f(u).(ea-ed)   
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Where: 
Eto  = Potential Evapotranspiration (mm/day)   
c  = correction factor,  
W = a factor related to temperature and elevation,  
Rn  = short wave radiation (mm/day) 
f(u)  = wind function (km/day) 
(ea-ed)  = difference in vapor pressure (mbar) 
 
2.2.2 Analysis of Rainfall 
Regional rainfall was calculated based on rainfall data recorded at rain stations that 
are adjacent / within the coverage of the irrigation area. The reliable rainfall is the part of the 
total rainfall that is effectively available for water needs [7], [14], [15]. The arithmetic method 
with Equalition is calculated in order to calculate the regional rainfall. 
R̅   =   1/n ∑ Rin1   
Where R is regional rainfall (mm), Ri is rainfall point at station 1 (mm), n is a number of 
observation stations. Effective rainfall is rainfall that plants, percolation, and others can use. 
Rainfall for lowland rice is calculated based on 70% of rainfall probabilities of 80% (R80) 
with a 20% chance of failure [16], [14], [17] using Equalition as follow: 
Rrice = 0.7 (R80)  
Where  Rerice  is effective rainfall for lowland rice (mm / day), R80 is rainfall with 
probabilities of 80% (mm). Effective rainfall for plants are calculated using Equalition as 
follow: 
Rplw = FD (1,25. R2
0,842 − 2,93)(100,0095.𝐸𝑡𝑜)   
FD  = 0,53 + 0,116D − (8,94.10−5. D2) + (2,32.10−7. D3)  
Where, Replw is effective rainfall for palawija (mm / day), D is the availability of 
groundwater that is ready for use which is approximated by the depth of roots (mm), and FD 
(Eq. 5) is the Depth Factor of rooting (mm). 
 
2.2.3  Water Needs for Plants 
The calculation  of plant  water requirements for rice plants (NFRrice), palawija plants  
 
(NFRplw) and sugar plants (NFRtebu) is based on the water balance principle which is stated in 
the Equalition: 
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palawija fields (l/sec/ha), NFRtebu is water required in sugar fields (l/sec/ha), LP is water 
requirements for land preparation (mm/day), ETcrop  is water requirements for plant 
consumption (mm/day), WLR is water requirements for the replacement of the water layer 
(mm/day), P is perkolation (mm/day), Rerice is effective rainfall for rice  (mm/day), Replw is 
effective rainfall for palawija (mm/day), Retebu is effective rainfall for sugar  (mm/day). [17] 
 
2.2.4  Water Requirement for Soil Treatment 
The amount of water needed for land cultivation is approximated by a method based 
on a constant water rate in l/s during the land storage period [4]. The method is defined in: 




Where LP is water requirement for land processing (mm/s), M is water requirement for 
replacement of water loss due to evaporation and percolation in saturated rice fields 
(mm/day), M = Eo + P (mm / day), Eo is water evaporation open taken 1.1 ETo during land 
preparation (mm / day), P is Percolation (mm / day), K = (M x T) / S, T is Period of land 
preparation (days), S is Water needs for saturation are Based on soil texture, e Exponential 
number (2.71828). 
 
2.2.5  Water Requirement for Soil Treatment 
The need for clean irrigation water is the amount of water required for successful 
plant growth [4], [18], [19], [20] . Irrigation water that is needed for each tapping building and 
main building for each tertiary plot and secondary canal is calculated by Equalition as follow: 
TORij     =   
Aij   X  NFR
(ntersier)ij
  







Where TORij is irrigation water required in the tertiary plot i at the secondary channel 
j with the service area Aij (l/sec), DR is main building irrigation water needs (l/sec) shown in 
Equalition, Aij is the tertiary service area i at the secondary channel j, (ntersier)ij is an efficiency 
of tertiary plot i on channel j. 
NFRtebu  = ETcrop − Retebu  
Where NFRrice is water required in rice fields (l/sect/ha), NFRplw is water required in 
NFRrice   = LP + ETcrop + WLR + P − Rerice    
NFRplw   = ETcrop − Replw   
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2.2.6  Irrigation Water Distribution System 
The water distribution system implemented in an irrigation network depends on 
irrigation water availability and the need for irrigation water [21], [22]. In the operation of 
irrigation networks, the integration of irrigation water is expressed as K factor. The 
rotating/shifting system provides water in tertiary channels or main channels at certain time 
intervals if the available discharge is less than the K factor. If the water supply is sufficient, 
factor K is equal to 1, while if the water supply is less than the required one, the K factor is 
less than 1 [23]. In calculating the K factor, Equalition is used. 
K  factor =  Q/Qir  
K is the ratio of availability and need for irrigation water. Q is the irrigation water availability 
in the main building (l / sec). Qir is the required irrigation water (l/sec). 
 
2.2.8  Dynamic Program Optimization 
A dynamic program is a collection of mathematical programming techniques used 
for decision-making, consisting of many stages (multistage). A multistage decision-making 
problem is broken down into a series of sequential and interconnected problems (or sub-
problems). For deterministic optimization methods, this optimization problem is characterized 
by a proper convexity of the domain or objective function and may involve continuous and / 
or discrete variables [18], [5], [24], [25], [26], [27], [28]. The completion of an optimization 
model generally has many alternatives. Each solution must be feasible, which means that it is 
still within the constraints. Optimization problems in water resources management are often 
non-linear. The method is solved using Deterministic Dynamic Programming [18], [4], [29], 
[30].  
 
Figure 3.    Serial Dynamic Problem Sequence Diagram 
 
The elements of a dynamic program are:  










































1. Stage/stage (n), n is part of the land divided into upstream areas (n-1) and downstream 
areas (n).  
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2. Decision Variable (dn), is the amount of discharge given in units of l/s for upstream land 
with an area of 1627 ha (dn-1) and for downstream land with an area of 6519 ha (dn).  
3. Stage Variable (Sn), is the amount of water flowing in the primary channel in units of l/s, 
(Sn-1) is the amount of discharge from the main intake, (Sn) is the amount of discharge 
from the main channel minus the discharge released for the upstream land (n-1), (Sn +1) 
is the amount of discharge after deducting the discharge released for downstream land 
(n).  
4. Stage Return (rn) is the result of the decision of each stage. The result of this decision is 
the value of agricultural production (IDR).  
5. Stage Transformation or State Transition (tn). Is the water balance continuity equation. 
While the operational characteristics of a dynamic program can be described in point 
3, 4, and 5 [18], [4], [29]. 
1. The problem is solved into stages, and there are decision variables at each stage. 
2. Each stage has a number of steps inside. 
3. The effects of the decisions at each stage are:  
a. Generates a return based on the stage return function.  
b. Transforming the stage variable for the next stage through the transformation stage.   
4. The next stage's decision does not depend on the decisions taken (in the previous stage). 
Completion of Dynamic Programming starts from the initial stage and moves to the final 
stage (forward recursive) or vice versa (backward recursive).   
5. In forward recursive, the optimal policy is determined based on  the optimal policy from 
the previous stage and the objective function for each stage.  
The forward recursive equation can be written as shown in Equalition: 
fn(Sn)    = optdn [rn(Sn, dn)𝑂 fn-1 (Sn-1)]  
Where O states an algebraic operation which can be in the form of addition, subtraction, 
multiplication or other according to what is meant in the problem in question. For the 
backward recursive procedure, the equation is shown in Equalition. 
fn(Sn)    = optdn [rn(Sn, dn)𝑂 fn+1 (Sn+1)]  
 
3. Result and Discussion 
The Sampean Baru Irrigation Area area is 8,146 Ha, which is divided into two major 
parts, the upstream and downstream parts. The details can be seen in Table 1. 
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Table 1. Irrigation Area of Sampean Baru 
Number Part Water Building 
Area Soil 
(Ha)   
1 Upstream B.S.B.1  s/d  B.S.B.14 1,627.00 Clay 
2 Downstream B.S.B.15  s/d  B.S.B.49 6,519.00 Sandy loam 
Total     8,146.00   
Source: Research document (2020) 
 
3.1 Availability of Water at Intake 
Observation of water availability at the intake is carried out in each season, divided into 3 
season, dry season, normal season, and wet season. The availability of water in the intake 
channel in Sampean Baru is presented in figure 4. The pattern of water availability at the 
intake for a period of 10 days in 1 year has the same pattern between dry season, normal 
season, and wet season. The lowest discharge was in November (week 1), and the highest was 
in March (week 15). 
 
 
Source : UPT PSA WS Sampean Baru (2020) 
Figure 4. Graphic of Intake Discharge of Sampean Baru Dam 
events that occur together. The calculated potential evapotranspiration values can be seen in 




















Dry Season Normal Season Wet Season
3.2 Potential Evapotranspiration 
Evaporation and transpiration are a combination of evaporation and transpiration 
28 ° C, for relative humidity ranges from 84% -89%, for long exposures it ranges from 56% -
94%, for wind speeds it ranges from 500 km / day-800 km / day and for ETo the range is 3 
mm / day-4 mm / day. 
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Table 2. Potential Evapotranspiration 
Description 
Month 
Jan Feb Mar Apr Mei Jun Jul Agt Sep Okt Nov Des 
ETo (mm/day) 4,12 3,95 3,54 3,78 3,83 3,35 3,53 3,62 4,30 4,45 5,38 3,94 
Source : Reseach document (2020) 
 
3.3 Analysis of Rainfall 
This study's Rainfall data analysis was taken based on data from rain stations located 
along the primary channel Sampean Baru. There are 14 observation stations in total utilized 
for rainfall analysis in this study. The results of the effective rainfall analysis for plants are 
presented in Table 3. The lowest value of effective rainfall is from July to October, and the 
largest is in February. 
Table 3. Effective Rainfall 
Effective rainfall period of 10 days (mm) 
1 2 3 1 2 3 1 2 3 1 2 3 
  Jan     Feb     Mar     Apr   
19,45 11,05 21,89 15,06 7,86 15,55 5,58 6,72 1,16 3,32 2,67 0,48 
  Mei     Jun     Jul     Ags   
0,28 2,59 0,37 0,00 0,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
  Sep     Okt     Nov     Des   
0,00 0,00 0,00 0,00 0,00 0,00 0,06 0,28 1,24 5,86 10,05 9,80 
Source : Reseach documentation (2020) 
 
3.4. Water Needs For Rice Soil Preparation 
Water is needed to form the soil structure and the formation of sludge and suppress 
weed growth. The amount of water needed for land cultivation for Sampean Baru irrigation 
area is shown in Table 4. 
Table 4. Water Needs For Rice Soil Preparation 
Description 
Month 
Nov Des Jan Peb Mar Apr Mei Jun Jul Ags Sep Okt 
LP (l/sec/day) 1,66 1,51 1,52 1,59 1,48 1,53 1,50 1,50 1,48 1,49 1,57 1,55 
Source: Research document (2020) 
LP is the value of water needs for soil processing in units (l/sec/ha) required before 
planting this value is only for rice. For example, in November, the land before planting 
requires a water discharge of 1.66 l/s for each hectare used to cultivate the land so that the soil 
structure becomes softer and smoother so that rice cultivation can be carried out. 
 
3.5. Evaluation of Cropping Pattern 
Evaluation of cropping patterns in the Sampean Baru irrigation area shows that there 
are many areas that are not yet planted. The details are shown in Table 5. 
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Table 5. Existing Planting Patterns 
Section Area discharge 
Planting 
Season 
Rice Palawija Sugar Tobaco discharge Area 
           used Planted 





  1.627,00     7.145,93   PS 1     1.294,53       229,49              914,14  93,67% 
  1.627,00     8.890,90   PS2     1.394,96       199,81           1.224,60  98,02% 





  6.519,00     6.231,79   PS 1     1.147,98    2.065,43   2.232,75         3.049,41  83,54% 
  6.519,00     7.666,30   PS2     1.237,04    1.798,28   2.232,75         3.950,35  80,81% 
  6.519,00     4.535,24   PS2        265,08    3.269,67   2.232,75    58,00       4.081,55  89,36% 
Source : UPT PSA WS Sampean Baru (2020) 
Table 5 shows the existing planting pattern where for the upstream area with an area 
of 1627 ha, the planted land is 76.76% to 93.67%, while in the downstream area, the area of 
land is 6519 ha planted 80.81% to 89.36% 
After optimizing the water balance in a normal year, in the first planting season and 
second planting season, which is the beginning of the rainy season, all the land can be planted. 
In the third planting season, the area that can be planted is 90.36% of the downstream area. 
Table 6. Evaluation of Planting Patterns 
Section Area discharge 
Planting 
Season 
Rice Palawija Sugar Tobaco discharge Area 
           used Planted 




  1.627,00      7.145,93   PS 1    1.627,00            1.148,92  100,00% 
  1.627,00      8.890,90   PS2    1.627,00            1.336,70  100,00% 





  6.519,00      5.997,01   PS 1    4.086,25       200,00    2.232,75        4.757,19  100,00% 
  6.519,00      7.554,20   PS2    3.286,25    1.000,00    2.232,75        5.708,14  100,00% 
  6.519,00      4.046,54   PS2      3.600,00    2.232,75     58,00      4.016,83  90,36% 
Source: Research document (2020) 
Table 6 shows the evaluation results based on the amount of discharge available in a 
normal year, so the evaluation of cropping patterns shows 100% intensity for the upstream 
part in planting season 1 to planting season 3. In comparison, in the downstream part for 
planting season 1 and planting season 2, the intensity is 100%. This means that all of the land 
is effectively planted. In contrast, for planting season 3 for the downstream part, 90.36% can 
be planted. 
 
3.6. Optimization of Water Rotating System 
Production analysis on the existing cropping pattern is shown in Table 7. Planting 
area data recorded in UPT PSAWS Sampean Baru is analyzed. The results showed potential 
benefits with the existing cropping pattern model of IDR 170.084 billion for one year. 
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Table 7. Analysis of Existing Production  
Section Area discharge Planting 
Season 
Rice  Palawija  Sugar  Tobaco  Production 




 1.627,00     7.145,93   PS 1    14.591,29      1.649,29                  -                   -        16.240,58  
 1.627,00     8.890,90   PS2    15.723,35      1.435,97                  -                   -        17.159,31  
 1.627,00     5.260,48   PS2      3.369,29      6.827,39                  -                   -        10.196,68  





 6.519,00     6.231,79   PS 1    12.939,45    14.843,64                     -        27.783,09  
 6.519,00     7.666,30   PS2    13.943,35    12.923,71                     -        26.867,05  
 6.519,00     4.535,24   PS2      2.987,86    23.498,20   44.934,09          417,60        71.837,75  
Total Production                 170.084,47  
Source: Research document (2020) 
 
Table 7 shows the results of the existing production, the area of land planted is the 
result of field conditions. For the upstream area with an area of 1627 hectares for planting 
season 1, agricultural production is IDR 16,241 billion, planting season 2 is IDR 17,159 
billion, and planting season 3 is IDR 10,197. Meanwhile, the downstream agricultural 
production for planting season 1 is IDR 27,783 billion, planting season 2 is IDR 26,867 
billion, and planting season 3 is IDR 71,837, so that the total production for the existing 
conditions is IDR 170.084 billion in one year. 
Production analysis of cropping patterns after optimization using dynamic programs 
in dry years is shown in Table 8. The analysis results show a potential profit of IDR 213.522 
billion for one year. 
Table 8. Analysis of Dry Year Production  
Section Area discharge 
Planting 
Season 
Rice Palawija Sugar Tobacco Production 
            




   1.627,00     5.547,54   PS 1      18.338,80                    -                   -                    -       18.338,80  
   1.627,00     7.560,17   PS2      18.338,80                    -                   -                    -       18.338,80  





   6.519,00     4.398,62   PS 1      47.185,48           718,67                      -       47.904,16  
   6.519,00     6.223,47   PS2      28.812,87      12.433,03                      -       41.245,91  
   6.519,00     2.327,40   PS2                     -      24.003,66     44.934,09          417,60       69.355,36  
Total Production                213.521,81  
Source: Research document (2020) 
Table 8 shows the results of the analysis of dry year agricultural production, the area 
of land planted is optimized based on the availability of discharge in the dry year, from the 
calculation results show the agricultural production for the upstream area with an area of 1627 
hectares in planting season 1 is IDR 18.339 billion in planting season 2 is IDR 18,339 billion 
in planting season 3 is IDR 18,339 billion, while for the downstream with an area of 6519 
hectares in planting season 1 is IDR 47,904 billion in planting season 2 is IDR 41,247 billion 
in planting season 3 is IDR 69,355 billion, so production in a dry year is IDR 213,522 billion 
per year 
in planting season 3 is IDR 69,355 billion, so production in a dry year is IDR 213,522 billion 
per year 
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Production analysis of cropping patterns after optimization using dynamic programs 
in normal years is shown in Table 9. The results show a potential profit of IDR 215.92 billion 
for one year. 
Table 9. Analysis of Normal Year Production  
Section Area discharge 
Planting 
Season 
Rice Palawija Sugar Tobaco Production 
            





   1.627,00    7.145,93   PS 1      18.338,80                   -                   -                      -       18.338,80  
   1.627,00    8.890,90   PS2      18.338,80                   -                   -                      -       18.338,80  





   6.519,00    5.997,01   PS 1      46.058,33      1.437,35                        -       47.495,68  
   6.519,00    7.554,20   PS2      37.041,10      7.186,73                        -       44.227,82  
   6.519,00    4.046,54   PS2                     -    25.872,21     44.934,09            417,60       71.223,90  
Total Production                215.921,38  
Source: Research document (2020) 
Table 9 shows the results of the analysis of agricultural production in the normal 
year, the area of land planted is optimized based on the availability of discharge in the normal 
year, from the calculation results show that agricultural production for the upstream area with 
an area of 1627 Ha in planting season 1 is IDR 18,339 billion in planting season 2 is IDR 
18,339 billion in planting season 3 is IDR 16,296 billion, while the downstream area with an 
area of 6519 hectares agricultural production in planting season 1 is IDR 47,496 billion, in 
planting season 2 is IDR 44,228 billion, in planting season 3 is IDR 71,224 billion, so the 
optimization of production in normal years is IDR 215,921 billion per year 
Production analysis of cropping patterns after optimization using a dynamic program 
in the wet year is shown in Table 10. The results show a potential profit of IDR 228.50 billion 
for one year. 
Table 10. Analysis of Wet Year Production  
Section Area discharge 
Planting 
Season 
Rice Palawija Sugar Tobaco Production 
            




   1.627,00      8.744,33   PS 1     18.338,80                   -                   -                 -       18.338,80  
   1.627,00    10.221,63   PS2     18.338,80                   -                   -                 -       18.338,80  





   6.519,00      7.595,41   PS 1     48.312,64                   -                   -       48.312,64  
   6.519,00      8.884,93   PS2     48.312,64                   -                   -       48.312,64  
   6.519,00      5.583,22   PS2     11.271,54     22.278,85     44.934,09       417,60       78.902,08  
Total Production                228.501,34  
Source: Research document (2020) 
Table 10 shows the results of the analysis of agricultural production in the wet year, 
the area of planted land is optimized based on the availability of discharge in the wet year, the 
results of the optimization calculations show that agricultural production for the upstream area 
with an area of 1627 hectares in planting season 1 is IDR 18,339 billion in planting season 2 
is IDR 18,339 billion in planting season 3 is IDR 16,296 billion, while for the downstream 
area with an area of 6519 hectares, agricultural production in planting season 1 is IDR 48,313  
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billion in planting season 2 is IDR 48,312 billion in planting season 3 is IDR 78,902 billion, 
so that optimization production in the wet year is IDR 228,501 billion per year 
 
4. Conclusion and Suggestion 
4.1 Conclusion 
A study of the assessment and optimization of water rotating patterns in the Sampean 
Baru Irrigation Area has been conducted. The existing planting intensity for the upstream area 
(B.SB.1 - B.SB.14) was PS I (93.67%), PS II (98, 02%), and PS III (76.76%). For 
downstream areas (B.SB.15 - B.SB.49), the existing planting intensity was PS I (83.54%), PS 
II (80.81%), and PS III ( 89.36%). After evaluation of the water rotating analysis for the 
upstream area (B.SB.1 - B.SB.14), the planting intensity was obtained as follows: PS I 
(100.00%), PS II (100.00%), and PS III (100.00%). For the downstream area (B.SB.15 - 
B.SB.49), the existing planting intensity was PS I (100.00%), PS II (100.00%), and PS III 
(90.36%). The analysis of production results concerning the existing conditions was carried 
out. The potential profit a year generated is IDR 170.08 billion. After optimization with the 
Dynamic Program, the profit potential in one year is IDR. 213.52 billion, while for the normal 
year IDR 215.92 billion, and the wet year IDR. 228,50 billion. 
4.2 Suggestion 
A study on the optimization of irrigation water distribution in the Sampean Baru 
irrigation area was analyzed in this study.  It is hoped that a study of the operation pattern of 
the distribution gate for irrigation water for each primary, quarter, and tertiary channel can be 










              92 - 94 
                                                                                                     ISSN (Online) 2581-0855                                           
Joice Prasasty September/ Ukarst Vol. 5, No. 1, (2021). ISSN (Print)    2579-4620 
Ukarst : Universitas Kadiri Riset Teknik Sipil.    ISSN (Online) 2581-0855                                         
Volume 5 Number 1, (2021).    ISSN (Print)    2579-4620 
Assessment and Optimization of Water Division Pattern in Sampean Baru Irrigation Area 
http://dx.doi.org/10.30737/ukarst.v3i2  
© 2020 Ukarst : Universitas Kadiri Riset Teknik Sipil. All rights reserved. 
 
References 
[1] U. Lusmito and I. Akmat, “Optimalisasi Pembagian Air Daerah Irigasi Sampean Baru 
Antara Areal yang di Kabupaten Bondowoso dan Areal yang Di Kabupaten 
Situbondo,” Jur. Tek. Fis. FTI-ITS, 2014. 
[2] I. K. Sari, L. M. Limantara, and D. Priyantoro, “Analisa Ketersediaan dan Kebutuhan 
Air pada DAS Sampean,” J. Tek. Pengair., vol. 2, no. 1, pp. 29–41, 2012. 
[3] F. Usman and I. Indarto, “Desain Fitur Dan Implementasi Sistem Informasi Daerah 
Irigasi (Studi Kasus: Daerah Irigasi Sampean Baru),” no. July 2010, 2013. 
[4] H. Nuf’a, L. Montarcih L, and W. Soetopo, “Optimasi Air Waduk Gondang Dengan 
Metode Dinamik Deterministik,” pp. 25–34, 2016. 
[5] M. H. Lin, J. F. Tsai, and C. S. Yu, “A review of deterministic optimization methods in 
engineering and management,” Math. Probl. Eng., vol. 2012, 2012, doi: 
10.1155/2012/756023. 
[6] Badan Pertanahan Nasional, “Peta Jawa Timur,” 2018. . 
[7] P. Ikhsan, “Pada Daerah Irigasi Bendung Mrican1,” J. Ilm. Semesta Tek., no. 0274, pp. 
83–93, 2006. 
[8] K. Djaman et al., “Evapotranspiration, irrigation water requirement, and water 
productivity of rice (Oryza sativa L.) in the Sahelian environment,” Paddy Water 
Environ., vol. 15, no. 3, pp. 469–482, 2017, doi: 10.1007/s10333-016-0564-9. 
[9] K. Djaman et al., “Crop evapotranspiration, irrigation water requirement and water 
productivity of maize from meteorological data under semiarid climate,” Water 
(Switzerland), vol. 10, no. 4, 2018, doi: 10.3390/w10040405. 
[10] E. Suhartanto, L. M. Limantara, and H. Arum Rossy Tamaya, “Perbandingan Metode 
Evaporasi Potensial Di Badan Meteorologi Klimatologi Dan Geofisika Sawahan 
Kabupaten Nganjuk, Jawa Timur,” J. Tek. Pengair., vol. 11, no. 1, pp. 1–7, 2020, doi: 
10.21776/ub.pengairan.2020.011.01.01. 
[11] A. Subedi and J. L. Chávez, “Crop Evapotranspiration (ET) Estimation Models: A 
Review and Discussion of the Applicability and Limitations of ET Methods,” J. Agric. 
Sci., vol. 7, no. 6, pp. 50–68, 2015, doi: 10.5539/jas.v7n6p50. 
[12] R. Kumar, V. Shankar, and M. Kumar, “Modelling of Crop Reference 
Evapotranspiration: A Review,” Univers. J. Environ. Res. Technol., vol. 1, no. 3, pp. 
239–246, 2011. 
[13] A. M. Arshad, “Crop Evapotranspiration and Crop Water Requirement for Oil Palm in 
Peninsular Malaysia,” J. Biol. Agric. Healthc., vol. 4, no. 16, pp. 23–28, 2014. 
[14] A. Lenry Rahman, M. Fauzi, and B. Sujatmoko, “Sistem Pemberian Air secara Rotasi 
Daerah Irigasi Kaiti Samo di Kabupaten Rokan Hulu,” J. Tek., vol. 13, no. 1, pp. 43–
51, 2019, doi: 10.31849/teknik.v13i1.2931. 
[15] A. K. Hidayat and Empung, “Analisis Curah Hujan Efektif Dan Curah Hujan Dengan 
Berbagai Periode Ulang Untuk Wilayah Kota Tasikmalaya Dan Kabupaten Garut,” J. 
Siliwangi, vol. 2, no. 2, pp. 121–126, 2016. 
 
93 - 94
Assessment and Optimization of Water Division Pattern in Sampean Baru Irrigation Area 
http://dx.doi.org/10.30737/ukarst.v3i2  
© 2020 Ukarst : Universitas Kadiri Riset Teknik Sipil. All rights reserved. 
 
[16] F. Patirajawane et al., “Studi Optimasi Distribusi Pemanfaatan Air Di Daerah Irigasi 
Melik , Kabupaten Jombang Dengan,” 1833. 
[17] A. V. Memon and S. Jamsa, “Crop Water Requirement and Irrigation scheduling of 
Soybean and Tomato crop using CROPWAT 8.0,” Int. Res. J. Eng. Technol., vol. 5, 
no. 9, pp. 669–671, 2018, doi: 10.13140/RG.2.2.22702.77126. 
[18] H. Abdul Azis, S. Joko, and S. Seto, “Optimasi Irigasi dengan Program Dinamik di 
Metro Hilir,” J. Tek. Pengair., 2012. 
[19] G. Wriedt, M. Van der Velde, A. Aloe, and F. Bouraoui, “Estimating irrigation water 
requirements in Europe,” J. Hydrol., vol. 373, no. 3–4, pp. 527–544, 2009, doi: 
10.1016/j.jhydrol.2009.05.018. 
[20] F. N. Tubiello, “Climate change impacts on irrigation water requirements : effects of 
mitigation , 1990-2080,” Technol. Forecast. Soc. Chaneg, vol. 74, pp. 1083–1107, 
2007. 
[21] F. Retnowati and R. W. Sayekti, “Optimasi Pemanfaatan Air di Daerah Irigasi Tanggul 
Kabupaten Pasuruan Menggunakan Program Linier,” J. Tek. Pengair., 2018. 
[22] D. F. Nadjamuddin, W. Soetopo, and M. Sholichin, “Daerah Irigasi Paguyaman Kanan 
Kabupaten Boalemo,” J. Tek. Pengair., vol. 5, no. 2, pp. 158–165, 2014. 
[23] R. Cynthia, P. Dwi, and D. H, “Tinjauan Faktor K Sebagai Pendukung Rencana Sistem 
Pembagian Air Irigasi Berbasis FPR (Studi di Jaringan Pirang Kabupaten 
Bojonegoro),” J. Tek. Pengair., no. May, pp. 2–3, 2018. 
[24] H. Mala-Jetmarova, N. Sultanova, and D. Savic, “Lost in optimisation of water 
distribution systems? A literature review of system design,” Water (Switzerland), vol. 
10, no. 3, 2018, doi: 10.3390/w10030307. 
[25] Y. Lin and M. A. Stadtherr, “Deterministic global optimization of nonlinear dynamic 
systems,” AIChE J., vol. 53, no. 4, pp. 866–875, 2007, doi: 10.1002/aic.11101. 
[26] P. P. Alandí, J. F. O. Álvarez, and J. M. T. Martín-Benito, “Optimization of irrigation 
water distribution networks, layout included,” Agric. Water Manag., vol. 88, no. 1–3, 
pp. 110–118, 2007, doi: 10.1016/j.agwat.2006.10.004. 
[27] E. Playán and L. Mateos, “Modernization and optimization of irrigation systems to 
increase water productivity,” Agric. Water Manag., vol. 80, no. 1-3 SPEC. ISS., pp. 
100–116, 2006, doi: 10.1016/j.agwat.2005.07.007. 
[28] A. Chakrabortty and M. D. Ilić, “Control and optimization methods for electric smart 
grids,” Control Optim. Methods Electr. Smart Grids, pp. 1–371, 2012, doi: 
10.1007/978-1-4614-1605-0. 
[29] A. W. Pratama et al., “Optimasi Pemanfaatan Sumber Mata Air Untuk Air Baku 
Dengan Metode Program Dinamik (Studi Kasus: Desa Bumiaji Kecamatan Bumiaji),” 
2014. 
[30] S. Osama, M. Elkholy, and R. M. Kansoh, “Optimization of the cropping pattern in 
Egypt,” Alexandria Eng. J., vol. 56, no. 4, pp. 557–566, 2017, doi: 
10.1016/j.aej.2017.04.015. 
               94 - 94 
                                                                                                     ISSN (Online) 2581-0855                                           
Joice Prasasty September/ Ukarst Vol. 5, No. 1, (2021). ISSN (Print)    2579-4620 
